Purpose-To investigate patterns in pharmacological treatment for patients with schizophrenia, we examined antipsychotic polypharmacy across multiple outpatient healthcare settings and their association with hospital admission.
Introduction
Schizophrenia is a complicated mental illness requiring lifelong treatment with antipsychotic drugs. 1 Schizophrenia imparts social and cognitive impairment, pervasively affecting memory, attention, motor skills, executive functioning and intelligence. 2 Continuous use of antipsychotic drugs is recommended, uniquely for schizophrenia among major mental illnesses. Although antipsychotic monotherapy is the standard approach for managing symptoms of schizophrenia, [3] [4] [5] [6] multiple antipsychotic medications may be prescribed. Several factors contribute to pharmacological treatment patterns in caring for patients with schizophrenia, including patient-level issues, provider prescribing decisions, health system culture, and organizational structure. 7 Given the challenges and costs of treating individuals with schizophrenia, the prescribing trends of antipsychotic monotherapy and polypharmacy may vary across healthcare systems.
A number of international guidelines recommend antipsychotic monotherapy, using secondgeneration antipsychotics (SGA) as first-line medications for the treatment of schizophrenia. 4, [8] [9] [10] [11] [12] [13] While first-generation antipsychotics are acceptable in terms of efficacy, they may be avoided or considered second-line treatment because of their irreversible adverse effects (e.g., tardive dyskinesia). 14, 15 However, antipsychotic polypharmacy, defined as the concurrent use of more than one antipsychotic drug for a single clinical condition, is increasingly prescribed. 16, 17 Indeed, since 1996, studies have shown the rate of antipsychotic polypharmacy has increased among patients with schizophrenia, with the extent of polypharmacy varying by the populations under study, the treatment setting, and how antipsychotic polypharmacy was defined and measured. 18 Specifically, high rates of antipsychotic polypharmacy among both outpatients and inpatients with schizophrenia have been reported: (1) up to 20% for patients receiving care in the Department of Veterans Affairs in fiscal year 2000; 19 (2) 35% for outpatients in the public mental health system during the 2-year period 1996-1998; 20 (3) up to 40% of outpatients in Medicaid claims data in 1998-2000; 16 and (4) 38-55% of inpatients in Asian countries from 2001-2009. 21, 22 Some plausible reasons for these figures include patient or clinician dissatisfaction with treatment effects, bothersome side effects, or undetected poor adherence leading to persistent symptoms that are incorrectly attributed to ineffective pharmacotherapy. Nonetheless, prescribing multiple antipsychotics may result in adverse outcomes, such as emergency department visits from adverse drug reactions or psychiatric admissions, 23 while also increasing direct treatment costs for the system, metabolic disturbance, indirect societal burden and impaired quality of life for the patient. [24] [25] [26] Few studies have assessed the differential longitudinal prevalence of polypharmacy between healthcare systems for patients with schizophrenia. Most studies examined broad antipsychotic polypharmacy rates across countries, 27, 28 although one older study compared combinations of psychotropic drugs targeting the same set of symptoms (acute paranoid schizophrenia) in California, New York, Pennsylvania, and Texas based upon a survey of psychiatrists. 29 To the best of our knowledge, only two studies have compared pharmacotherapy for patients with schizophrenia across multiple types of healthcare systems. 30, 31 In the first study of national data, patients with schizophrenia treated in the Department of Veterans Affairs healthcare system were more likely to receive an antipsychotic medication and more likely to be dosed above treatment recommendations than in the private sector. However, it did not appear that physical comorbidities were included for case-mix adjustment or that longitudinal pharmacologic patterns were measured. 30 The second study, using data from 1994-1996, found that outpatients receiving care in the Veterans Health Administration in two states were less likely to receive an antipsychotic medication than patients outside of this system. 31 Despite these prior studies, no large-scale multi-system studies have investigated this issue in the last decade. With the growing national concern regarding increased polypharmacy prescribing for patients with schizophrenia, coupled with concern over the high cost of duplicative or non-evidence-based treatment (or excess emergency department or inpatient care costs), new data are needed to inform policy and clinical decisions.
In this study, we compared longitudinal data on antipsychotic prescribing and polypharmacy among patients diagnosed with schizophrenia in multiple healthcare systems representing different organizational structures: 1) the nationwide Veterans Health Administration, the Department of Veterans Affairs' health care system (VA); 2) non-federal outpatient settings nationwide; and 3) two large not-for-profit healthcare systems in the southwestern and Great Lakes areas of the United States. We also modeled one-year hospital admission as a function of polypharmacy (versus monotherapy), adjusting for patient characteristics and disease burden. As an additional methodological aim, we examined how the availability of different amounts of data, depending on the source of information, affected the apparent rates of antipsychotic prescribing and polypharmacy.
Methods
This study utilized a retrospective design relying on several sources of data, including a public use dataset and data from multiple healthcare systems for which approval was obtained from the respective institutional review boards (IRB). Patients were 18-64 years old on the date of study entry and were diagnosed with schizophrenia or an unspecified psychotic disorder. These disorders were defined by ICD-9-CM codes from the medical record (295 excluding 295.5 latent [used for persons with symptoms but no psychotic episode before a schizophrenia diagnosis can be definitively assigned]; or 298.9). The unspecified psychotic disorder code was included when it was determined that one healthcare system did not typically employ the 295 codes but used 298.9 instead. The latent schizophrenia code was rare, appearing on the records of 135 VA patients, all of whom also had other codes for schizophrenia; the use of 295.5 may be an error. No cases were noted in the other data sources. Elderly patients were excluded to reduce the impact of "burn-out" in older patients with schizophrenia as these patients typically have few positive symptoms, derive little benefit from antipsychotics, may be at increased risk of death from antipsychotics, and are therefore less likely to be prescribed antipsychotics. 32, 33 
National Representative Sample (NAMCS)
The public use dataset was obtained from the National Ambulatory Medical Care Survey (NAMCS) to represent nationwide non-federal healthcare utilization for patients with schizophrenia during fiscal year 2002 (FY02; Oct. 2001-Sep. 2002) through FY09. 34 NAMCS data contain information on non-federal office-based physician visits obtained through sampling a set of clinics and requesting these clinics to report on a systematic random sample during a single week of patient visits. A total of 885 visits over 8 years representing more than 17 million community-based outpatients diagnosed with schizophrenia or a psychotic disorder were identified from this national sample. Clinicians responding to this survey provided answers based on the past week at their practice. Pharmacy fill data are not assessed by the NAMCS survey although the survey does collect clinician-reported prescription medications.
National Federal Sample (VA)
For study inclusion, patients receiving VA care must have had two or more outpatient dates of care for which a diagnosis of schizophrenia or psychotic disorder was recorded with the same ICD-9-CM code. Data were only available for VA patients in the years 2005-2009 due to IRB approvals. VA data were extracted from the VA's all-electronic medical records system for patients treated during FY05-FY09. For the VA cohort, we obtained data on all 119,662 veterans diagnosed with schizophrenia or psychotic disorder system-wide. Similar to the NAMCS data, the VA sample entailed rolling enrollment (new patients enter the cohort each year with some overlapping cases). The major difference between VA and NAMCS healthcare settings was that VA data captured year-round health care utilization and pharmacy fills per patient rather than one week of data. It is unclear from NAMCS methods how far back into the patient chart the survey responses reach. Thus, for comparability we also assessed one week (June 21-June 28, per year analyzed) of use for VA patients during each fiscal year in order to resemble NAMCS data, identifying 47,100 patients (VA-WEEK).
Private Healthcare Systems (HMORN)
For the private, not-for-profit health care systems, we used data from two sites (site 1 and site 2) of the Health Maintenance Organization Research Network (HMORN) Virtual Data Warehouse. The HMORN is a federation of 19 care-and-coverage healthcare systems that have developed a set of standardized data definitions in order to create uniform health care measures from member data, primarily health care claims, from the year 2000 onward. [35] [36] [37] We identified 699 patients at site 1 and 4,887 patients at site 2 diagnosed with schizophrenia or psychotic disorder during FY02-FY09. There were insufficient numbers for a meaningful one-week look-back.
Measures
Within each system of care (NAMCS, VA, and HMORN), patient demographic characteristics were obtained: age at baseline, gender, race, and ethnicity. Age was used to create a variable representing a decade effect in the proposed models, and ethnicity was dichotomously defined as Hispanic (yes/no). Case-mix adjusters included Charlson comorbidity score and the Selim total comorbidity score (physical and mental), with comorbidity indices calculated at patients' first year of entry. The Charlson comorbidity sums weighted indicators (with weights ranging from 1-6) of 19 conditions associated with post-hospitalization one year mortality, 38 and the Selim sums indicators of 30 chronic physical illnesses and 6 mental health conditions. 39 Both the Charlson and Selim scores are commonly used to adjust for case-mix. There is some overlap in codes (e.g., some cancer, diabetes and cardiovascular diagnosis codes), however, the two case-mix adjusters can be used together because they capture different aspects of disease burden. Shared variance between these summary measures produced a correlation of 0.53 (28% shared variance) in a recent study conducted with a chronically ill cohort of Veterans. 40 Antipsychotic drugs were classified as either first-generation (chlorpromazine or promazine, fluphenazine, haloperidol, mesoridazine, molindone, perphenazine, thioridazine, thiothixene, trifluoperazine, pimozide, loxapine, prochlorperazine, droperidol, and chlorprothixene) or second-generation agents (aripiprazole, clozapine, risperidone, olanzapine, quetiapine, ziprasidone, paliperidone, and asenapine). The main outcome of interest was the rate of antipsychotic polypharmacy, which was assessed each year and defined as having filled prescriptions for two or more antipsychotic medications concurrently in a year, or in one week in VA-WEEK sample. In addition to using complete VA utilization data and one-week utilization data to define polypharmacy, a third method of analysis employed tapered polypharmacy. Tapered polypharmacy acknowledges that clinicians may want patients to switch drugs, for example from risperidone to aripiprazole. Tapered polypharmacy for VA outpatients (VA TAPERED) was defined as before but allowed up to 60 days overlap in refill periods. This approach accommodates the practice of gradually decreasing the dose of a drug being discontinued while gradually increasing the dose of the drug being substituted. These cases would not be considered polypharmacy as they represent a planned transition from one antipsychotic to another. In the other data sources, we were unable to determine whether concurrent use represented tapering off one medication and onto another or intentional, ongoing use of two or more antipsychotics. A secondary outcome was the proportion of patients across systems prescribed any antipsychotic medication each year. Finally, we examined one-year all-cause hospitalization as an outcome.
Analysis Plan
Means and frequencies were calculated describing patient characteristics for each unique system data source. Analyses were performed in SAS, version 9.2 (© SAS Inc, Cary, NC), with survey procedures used for the NAMCS weighted data. 41 To compare yearly prevalence and trends of antipsychotic polypharmacy, we first determined the proportion of patients with schizophrenia who received any antipsychotic medication and then the proportion of those taking antipsychotics who received antipsychotic polypharmacy. Logistic regression was employed. For each healthcare system, we modeled antipsychotic polypharmacy (vs. monotherapy) among patients prescribed antipsychotics as a function of patient characteristics. In these models, the outcome was polypharmacy during the one week of utilization for patients in the one-week data models (VA-WEEK and NAMCS) and polypharmacy during the year following study entry in the remaining models (VA TAPERED, non-tapered, HMORN sites 1 and 2). The relative odds of receiving antipsychotic polypharmacy were estimated as a function of demographic covariates and first year in the study. Patients with first entrance year in FY09 were excluded from the multivariable models since one-year follow-up polypharmacy could not be measured. Logistic regression also modeled risk of one-year hospital admission for each healthcare system separately, adjusting for patient characteristics. A maximum type I error rate of α = 0.05 was applied to all analyses.
Results
Patient characteristics among the four systems are displayed in Table 1 . Among the 119,662 VA patients with schizophrenia, only 7% were women, whereas women accounted for 45% of the estimated NAMCS sample, 51% of the HMORN site 1 sample of 699 patients and 49% of the HMORN site 2 sample of 4,887 patients. VA patients were older with a mean age of 50.6 years (SD = 8.8) compared to 43.3 years (SD = 12.2) for NAMCS, 40.5 (SD = 14.9) for HMORN site 1 and 41.3 (SD=12.7) for HMORN site 2. Both the Charlson comorbidity score and Selim comorbidity index were higher among VA patients than non-VA patients. Race differed by sample. African Americans were more numerous in the VA and HMORN site 2 samples (34% VA and 52% site 2 vs 21% NAMCS and 14% site 1). Hispanic ethnicity was more common among VA, NAMCS and HMORN site 1 patients compared to site 2 (7% VA, 6% NAMCS, 3% site 1 vs. 1% site 2). For the 47,100 VA patients in the one-week sample, descriptive statistics were very similar to the VA patients as a whole with slightly lower proportion Hispanic.
Prevalence of Antipsychotic Use and Polypharmacy
Trends over time in the use of antipsychotics and in antipsychotic polypharmacy for patients with schizophrenia prescribed antipsychotic medications are depicted in Figure 1 . The table describes prescribing patterns in each system of care, including the VA sampled one-week of care and tapered polypharmacy. Overall, the proportion of VA patients having schizophrenia and prescribed some form of antipsychotic pharmacological treatment stayed fairly consistent during FY05-FY09 with 74% to 78% each year. The VA one-week sample had a stable trend with lower antipsychotic rates (62%-64%) each year. Across all healthcare systems, NAMCS had the highest antipsychotic rates (84%, 79% and 78%) in FY05, FY07 and FY08 while VA whole sample had the highest antipsychotic rates in FY06 (77%) and FY09 (74%). HMORN site 2 had the lowest antipsychotic rates (22%-30%) from FY05-FY09. In contrast, non-VA estimates of antipsychotic use revealed much greater variability across the same years, ranging from 69% to 84% for NAMCS and from 49% to 67% for HMORN site 1, and HMORN site 2 had the lowest rates with 22% to 41%. In addition, taking antipsychotics was more prevalent in nationwide systems (VA and NAMCS) than in the private, not-for-profit health care systems (HMORNs). For patients taking antipsychotics, the VA cohorts demonstrated relatively consistent polypharmacy prevalence for the years FY05-FY09: 13%-15% for tapered, 29%-31% for non-tapered and 20%-22% for the sampled one-week. Conversely, the non-federal national sample from NAMCS estimated a fluctuating polypharmacy trend during the respective years (19%-31%), while the non-national samples from HMORN also demonstrated more variable polypharmacy rates (16%-26% site 1 and 21%-26% site 2).
Multivariable Models of Antipsychotic Polypharmacy across Systems
The results of the multivariable logistic regression models comparing patient characteristics associated with antipsychotic polypharmacy are reported in Table 2 along with results from the various approaches to defining polypharmacy within the VA sample. Significant associations were not observed in the national non-federal settings (NAMCS). However, younger age (modeled in decades) was associated with increased odds of antipsychotic polypharmacy in VA non-tapered model and VA one-week model (OR = 0.79, 95% CI: 0.78-0.81 one-year; and OR = 0.91, 95% CI: 0.88-0.94 one-week). The odds ratios of 0.69 and 0.82 for age in the HMORN systems of care correspond to approximately 31% and 18% lower relative odds of polypharmacy for each decade of older age for sites 1 and 2, respectively. For all VA patients with schizophrenia, increased odds of antipsychotic polypharmacy were also observed for female veterans with the non-tapered method (OR = 1.11, 95% CI: 1.05-1.18). Greater total comorbidity per Selim was associated with increased risk of polypharmacy among all VA patients (OR = 1.09, 95% CI: 1.08-1.09) and patients in both HMORN sites (OR = 1.46, 95% CI: 1.15-1.86 site 1; OR=1.13, 95% CI: 1.04-1.23 site 2), indicating an approximate 9%, 46%, and 13% cumulative increased odds per additional chronic illness, respectively; but decreased risks of polypharmacy were observed for VA tapered sample (OR=0.97 per additional Selim condition, 95% CI: 0.96-0.98) and VA oneweek sample (OR=0.94 per additional Selim condition; 95% CI: 0.91-0.97). Yet, the Charlson comorbidity score was associated with polypharmacy only for the VA tapered approach (OR=1.04, 95% CI: 1.02-1.06).
Multivariable Models of One-year Admission to Hospital across Systems
We also examined multivariable logistic regression models of one-year admission to hospital in VA and HMORN samples. The model was not conducted on the NAMCS sample due to its lack of follow-up information. Increased antipsychotic polypharmacy was significantly associated with increased odds of one-year admission in all models, with odds ratio 1. 41 
Discussion
This study compared antipsychotic medication use and polypharmacy for patients diagnosed with schizophrenia (or a non-specific psychotic disorder) across healthcare systems, including a national federal system (VA), a national non-federal healthcare setting (NAMCS), and two non-federal healthcare systems (HMORN). As a result of the completeness of VA data, several methods of analyses were compared when assessing antipsychotic polypharmacy among patients with schizophrenia. Our examination of the unadjusted longitudinal trends, both in the VA system and among non-federal US clinics, suggests tremendous variation in the use of antipsychotics for these patients. In particular, we did not see evidence of ongoing increases in antipsychotic polypharmacy.
Rates of antipsychotic use across the nationwide NAMCS outpatient clinics and VA system were similar and greater than the rates found within the HMORN healthcare systems. However, it is concerning that higher rates of antipsychotic use were not observed when a constant medication regimen is the recommended practice to manage schizophrenia. The lower rates could reflect patients who fill their prescriptions outside of the studied systems, which may be less common in the VA due to patients' greater service-connected disability and lower copayments. NAMCS provided the only data where patients were not necessarily covered by some form of health insurance (16% or less). As a result, these patients may incur increased prescription costs and restrict their use of antipsychotics due to financial burden. Medicaid policies may impose limits on polypharmacy. These data suggest that different treatment settings exhibit different prescribing patterns, perhaps partly influenced by formulary decisions or copayment policies. The latter point is well documented concerning its impact on cost-related problems obtaining refills for patients with schizophrenia. 42, 43 This finding was consistent with those reported in several VA studies, 30, 31, 44 in which national VA samples were more likely to receive antipsychotic medications, while the opposite was observed in VA outpatients from two states. Yet low treatment rates were observed among the patients accessing care in integrated care-andcoverage systems.
Antipsychotic polypharmacy prevalence and trends among patients varied between the different healthcare systems, with generally higher and more stable rates observed among the whole sample of VA patients. However, other methods of analysis using VA data revealed lower rates. Several potential explanations for the higher rates of polypharmacy in VA can be offered: (1) VA patients have more comprehensive medication coverage, and therefore the system might better afford multiple drugs. Here, cost would be less of a barrier to seek prescription fills, 45, 46 although copays can still be a major deterrent for VA patients with schizophrenia. 43 (2) More stabilized rates are likely due to the fact that federal systems, including VA, are typically less subjective to funding fluctuations, and thus, able to provide consistent care to its patients. This consistently includes nationwide medical record access when patients move from one VA to another. (3) Selim and Charlson scores reflecting physical and mental health comorbidities were higher in VA patients with schizophrenia than other systems. That is, more complicated clinical presentations may affect prescribing decisions, including antipsychotic polypharmacy, to help patients achieve symptomatic relief. (4) VA users are less likely to drop out of care since the psychiatric sector has the lowest likelihood of mental health treatment dropout compared with the general medical care. 47 (5) VA data may have been more complete leading to an apparent difference that might be an artifact of the data available.
In addition, non-VA patients usually do not have uniform coverage and benefit levels, 48 so the fluctuation in polypharmacy rates for non-federal patients may reflect policy or coverage changes. Within the civilian systems, lower rates of any antipsychotic use were observed for the HMORN sites compared to NAMCS, however, relatively similar rates of polypharmacy were observed across these systems. These patients differ from NAMCS patients in that all have healthcare coverage.
It is noteworthy that VA patients were distinctly older and more likely to be male, reflective of the composition of military personnel and a predominantly Vietnam era schizophrenia cohort. However, this profile is evolving as younger Veterans from the ongoing Global Wars on Terrorism enter the system, along with a much higher presence of women in the military. VA patients also appeared to have more comorbidities than the non-federal systems under study, indicating an overall sicker population. 49 This is consistent with VA's focus on catering to the least advantaged veterans. However, when implementing the one-week method of analysis to simulate data obtained from the NAMCS, the smaller sample of VA patients appeared to have similar rates of comorbidity to both NAMCS and HMORN. This study's findings suggest that the quality of the data and the method used to examine polypharmacy dramatically affect results obtained. 50 Still, all sources with follow-up data confirmed a positive correlation between polypharmacy and hospital admission. For some, antipsychotic polypharmacy may lead to adverse events. Alternatively, we recognize that the most difficult to treat patients could be receiving polypharmacy, and concomitantly, be the patients most likely to be admitted due to their illness severity regardless of polypharmacy. Polypharmacy may identify patients who are not stabilized on antipsychotic medication, or refractory to multiple antipsychotics, or covertly non-adherent.
Notably, a few effective interventions have been developed to curb the problem of overprescribing antipsychotics, 51 including educational approaches for patients and clinicians. Generally, assertive interventions appear to be more effective in reducing antipsychotic polypharmacy than passive interventions. While there is insufficient evidence to support the utility of many forms of polypharmacy, specific sequences and combinations of antipsychotics may be beneficial for some patients. Certainly additional research is warranted to develop interventions that address the problem of excessive prescription medication burden while teasing out appropriate polypharmacy. Data from the current study suggest that interventions may need to be adapted for different healthcare systems with varying patient risks for polypharmacy. To empirically inform practice guidelines, research is also needed to more intensively explore the impact of growing polypharmacy practices on health outcomes and their personal and systemic costs. Electronic systems to signal polypharmacy could assist in identifying patients requiring more complex treatment and those who are at risk for adverse events, ultimately leading to improved clinical practice and fiscal well-being.
Limitations
There were several limitations to this study. First, NAMCS relies upon office visit level survey data while the other samples utilized patient level data extracted from medical records, which could have contributed to differences in observed polypharmacy rates. Second, the samples had limited comparability in terms of patient demographics, although we also view the diversity across healthcare system types as a notable strength, providing confirmation of the overall trends in polypharmacy while highlighting the degree of variation. Third, we did not have the ability to investigate other important factors or associated outcomes such as previous treatments, patient side-effect profiles, uncommon psychiatric conditions not captured by Selim, severity of illness, mortality rates, or other factors related to treatment decisions, cost of treatment, provider behavior, pharmacy formulary policies changing over time, or medication copayment policies. Fourth, data were only available for VA patients in the years 2005-2009 due to IRB approval (see Figure 2 for patient flow). Fifth, lack of follow-up information in NAMCS doesn't allow us to model temporally subsequent outcomes in this sample. Sixth, due to the small samples from two HMORN sites, we only assessed these two samples yearly from FY02-FY09 rather than use one-week look back periods. Finally, prescribing pharmacy data of VA and self-reported medication data without fill information of NAMCS may not truly reflect actual antipsychotic use of the patients. 52, 53 Whether patients were adherent to their fills was also a limitation. However, despite these limitations, this study presented a rare comparison of the use of antipsychotics for patients with schizophrenia or psychotic disorders in four healthcare settings with at least two national samples using recent data (FY02-FY09).
Conclusion
Despite the PORT guidelines' recommendation of antipsychotic monotherapy, nearly onefifth of patients with schizophrenia or other psychotic disorders in most of the healthcare systems were prescribed antipsychotic polypharmacy. Recognizing that the treatment of an individual patient can be more complex than accounted for in initial guidelines, and that qualitative factors concerning multiple antipsychotics should be evaluated, antipsychotic polypharmacy represents a system-wide problem to be continually monitored as such practices were found to be associated with hospital admission. 
